Background. Anaemia is a major cardiovascular risk factor in renal disease. It might be appropriate to extrapolate this association of anaemia with cardiovascular disease to renal transplant recipients who continue to have a significant cardiovascular risk. There are very few studies addressing the issue of anaemia after renal transplantation. Methods. We studied 192 consecutive kidney transplant recipients over a 5-year period in a tertiary referral centre in Michigan, USA. Patients who were followed up at the ambulatory transplant clinic for at least 1 year after transplantation were studied. Haemoglobin (Hb) level at 6 months and 1 year after renal transplantation was recorded. Risk factors for anaemia were evaluated using multivariate regression analysis. Results. Significant anaemia (Hb <11 g/dl in females and <12 g/dl in males) was common (19.3% at 6 months, 19.8% at 1 year). Anaemia was more common in African American (AA) than in non-AA patients both at 6 months and 1 year after transplantation. Multivariate analysis showed that serum creatinine was an independent risk factor for anaemia. Female gender was associated with significant anaemia at 1 year. Intriguingly, AA race was also an independent risk factor at 6 months and strong trend for risk at 1 year. Conclusions. Anaemia is common during the first year after kidney transplantation. AA race as well as high serum creatinine and female gender are independent risk factors for post-transplant anaemia. The importance of anaemia as a risk factor in AA patients after renal transplantation should be more recognised.
Introduction
Anaemia is one of the most common consequences of chronic kidney disease (CKD). The consequences of anaemia in CKD are well documented. Anaemia in CKD is strongly associated with significant cardiovascular morbidity [1] , hospitalization [2] and mortality [3] . Correction of anaemia with iron or erythropoietin (EPO) has been shown to reverse left ventricular hypertrophy in CKD [3] . Perhaps more importantly, a recent study has shown that correction of even mild anaemia [mean entry haemoglobin (Hb) of 10.16±0.95 g/dl] resulted in improvement of cardiovascular symptoms and hospitalization in patients with congestive heart failure [4] . From this study, we may extrapolate that even mild anaemia should be corrected, especially in patients with cardiac dysfunction, which is well known to be common in renal transplant recipients [5] . In addition, cardiovascular disease (CVD) is the leading cause of mortality in kidney transplant recipients and the death rate from CVD in this population is twice as high as in the general population [5] . Hence, it would be advisable to prevent and treat anaemia in kidney transplant recipients.
However, the incidence or prevalence of anaemia in kidney transplant recipients has not been well studied. A few small studies [6] [7] [8] have shown a high prevalence of this under-recognized problem and one recent large European study confirmed these results [9] .
The purpose of this study was to elucidate the prevalence and risk factors for anaemia during the first year after the kidney transplantation. We obtained data on 192 consecutive kidney transplant recipients who underwent renal transplantation between January 1995 and November 1999 from a prospectively recorded database and studied the prevalence and risk factors for anaemia.
1999 and had at least 1 year of post-transplant follow up data at the Henry Ford Hospital, Detroit, which is a tertiary referral centre in Michigan, USA.
Demographics (Table 1) Among 192 patients [age at transplant ranged between 16 and 69, 44±13(mean±SD)], 116 (60.4%) were males and 76 were females. Fifty-eight per cent (n ¼ 112) were African Americans (AA). Thirteen (6.8%) and 66 (34.4%) patients, respectively, had systemic lupus erythematosus (SLE) and diabetes mellitus as the cause of end-stage renal disease (ESRD). Ninety-seven patients (50.5%) were cadaver transplant recipients and 95 were living donor transplant recipients [75 living related and 20 living unrelated]. Thirty-two (16.7%) patients had been on angiotensin converting enzyme inhibitors (ACEI) or angiotensin receptor blockers (ARB) for 1 year after transplantation. Thirty patients experienced delayed graft function and 11 had cytomegalovirus (CMV) infection. Only three out of 192 patients (1.6%) were on EPO and 15 (7.8%) were on oral iron supplementation.
Immunosuppressive regimens were as follows; steroid (methylprednisolone or prednisolone) was given to all the patients but nine. Steroid was tapered down to a maintenance dose of 10 mg/day, equivalent to prednisolone, by 6 months post-transplant unless they were treated for rejection. All patients received calcineurin inhibitors with 71 patients on tacrolimus and 121 patients on cyclosporine, 15 of whom were changed to a tacrolimus-based regimen during the study period. Target level of cyclosporine was 200-250 ng/ml during the first 3 months and 150-200 ng/ml thereafter; that of tacrolimus was 10-15 ng/ml during the first 3 months and 5-10 ng/ml thereafter. Forty-two patients (21.9%) were on an azathioprine (AZA)-based immunosuppressive regimen and 146 (76.0%) were on a mycophenolate mofetil (MMF)-based immunosuppressive regimen (four were neither on MMF nor AZA). Dose of AZA was 2 mg/kg/day and that of MMF was 1.5-3 g/day throughout the first year post-transplant.
Iron profile was checked in only 31 patients out of 86 who had anaemia by WHO definition during the first posttransplant year and 15 out of those 31 patients had ferritin levels <100 mg/dl or transferrin saturation <20%. All patients except one of these iron deficient patients had iron supplementation. Only three out of 86 patients were treated with EPO and all of these patients had Hb <10 g/dl.
Definition of anaemia
We adopted three different definitions for anaemia. One is the WHO criteria (Hb level <12 g/dl in females, and <13 g/dl in males). We also arbitrarily defined 'significant' anaemia as Hb level <11 g/dl in females and <12 g/dl in males and 'severe' anaemia as Hb level <10 g/dl in both genders.
Methods
We recorded the Hb levels before transplantation, at 6 months and 1 year after transplantation. We performed univariate and multivariate analysis to find the risk factors for anaemia. The various variables, which are typically recognized as risk factors for anaemia were chosen for the univariate analysis. These were creatinine level (at 6 months and 1 year after transplantation), pre-transplant Hb level, female gender, cadaver renal transplantation, delayed graft function, use of ACEI or ARB, SLE as the underlying disease and CMV infection. We compared the Hb of patients who used AZA vs MMF because most of the patients were on either of these medications.
Statistics
Data were expressed as mean±SD unless indicated otherwise. We used SPSS Õ software version 10.0 (SPSS Inc., Chicago, IL, USA). We used the Mann-Whitney U-test in comparing the variables in two unrelated groups. Partial correlation analysis was done to determine the independent correlation of the different factors affecting anaemia/Hb levels after accounting for the different confounding factors. The continuous variables at different time points and in different groups of patients were compared using the Student's t-test or binary regression models and a P value of <0.05 was considered significant. After we did the univariate analysis with the above variables, we selected variables that gave P values <0.25 to conduct multivariate analysis. For higher creatinine levels, risk ratio and P value were calculated for every increase of 1 mg/dl of creatinine. For lower Hb levels, risk ratio and two-tailed P values were calculated for every decrease of 1 g/dl of Hb.
Results
Prevalence of anaemia ( Figure 1 and Table 2) Pre-transplant Hb level was 11.3±0.2 g/dl in both AA and non-AA patients. Hb level increased to 12.9±0.1 g/dl (12.7±0.2 in AA, 13.2±0.2 in non-AA) at 6 months and 13.0±0.1 g/dl (12.6±0.2 in AA, Anaemia is common after kidney transplantation 2369
13.5±0.2 in non-AA) at 1 year. The differences in Hb levels at both 6 months and 1 year compared with pre-transplant levels were significant (P<0.001) but there was no significant difference in Hb level between 6 months and 1 year. Although there was no difference in pre-transplant Hb levels between AA and non-AA, Hb levels in AA race was significantly lower than those in the non-AA race at 6 months and 1 year after transplantation (P ¼ 0.032 and P ¼ 0.002, respectively). Prevalence of anaemia defined by WHO (Hb <12 g/dl in females and <13 g/dl in males) was 41.1% at 6 months (45.5% in AA, 35% in non-AA) and 44.8% at 1 year (48.2% in AA, 40.0% in non-AA). Differences in the prevalence of WHO defined anaemia between AA and non-AA were not statistically significant either at 6 months (P ¼ 0.142) or 1 year (P ¼ 0.26) although there was a trend for higher prevalence of anaemia in AA race.
The prevalence of 'significant' anaemia (Hb <11 g/dl in female and <12 g/dl in male) was still high: 19.3% at 6 months (25.9% in AA, 10.0% in non-AA) and 19.8% at 1 year. 'Significant' anaemia was significantly more prevalent in AA race both at 6 months and 1 year (P ¼ 0.003 and P ¼ 0.025, respectively).
'Severe' anaemia (Hb <10 g/dl in both genders) at 6 months post-transplant was less common affecting seven out of 192 (3.6%) patients. Among these, all were females (100%), six were AAs (86%), and six were on MMF (86%). At 1 year, 10 out of 192 (5.2%) had 'severe' anaemia. Of these, seven were female (70%), seven were AAs (70%) and six were using MMF (60%).
Rate of acute rejection was not significantly different between AA (32.1%; 36 patients out of 112) and non-AA (30%; 24 out of 80) (P ¼ 0.75). Incidence of delayed graft function was also not significantly higher in AA race (18.9%; 20/112) than in non-AA (11.3%; 9/80) (P ¼ 0.21). There was no statistically significant between AA and non-AA patients. In addition, minimum serum creatinine levels during the first 3 months was 1.33±0.31 mg/dl in AA and 1.34±0.31 mg/dl in non-AA (1.34±0.31 mg/dl in total) and the difference was not significant (P ¼ 0.817).
Risk factors for anaemia (Tables 3 and 4)
To elucidate the risk factors for anaemia after transplantation, we conducted the univariate analysis of possible risk factors for 'significant' anaemia defined as Hb level <11 g/dl in women and <12 g/dl in men. Univariate analysis showed that only a higher creatinine level and AA race were significant risk factors at 6 months. No other variables gave P values <0.25. At 1 year, in addition to AA race and higher creatinine level (defined as every 1 mg/dl increase in serum creatinine), female gender also was a significant risk factor. In addition, cadaveric donor transplant, delayed graft function and lower pre-transplant Hb level had P values <0.25.
Multivariate analysis showed that at 6 months, both AA race and higher creatinine levels were significant independent risk factors for anaemia (P ¼ 0.008 and P ¼ 0.043, respectively) and at 1 year, significant independent risk factors for anaemia included a higher creatinine level (P ¼ 0.01) and female gender (P ¼ 0.005) even with a lower cut-off level of Hb by 1 g/dl in defining anaemia compared with male gender. AA race was not a significant independent risk factor at 1 year for 'significant' anaemia but there was a strong trend (P ¼ 0.068).
Discussion
After successful transplantation, erythropoiesis begins and serum EPO level increases to a sustained level in a month and subsequently Hb level increases towards normal within 3 months [10] . This means that the Hb level should be completely normalized by 6 months for most patients as long as they have a good allograft function. However, in some renal allograft recipients, anaemia persists or develops following transplantation. Most of them are associated with preoperative blood loss, allograft dysfunction (delayed graft function, acute rejection, chronic allograft dysfunction) [11] although some have anaemia with normal allograft function as well [12] . The prevalence and risk factors of anaemia with or without allograft dysfunction, however, are not well studied.
In this study, we have shown that anaemia is common; 40% by WHO criteria and 20% by definition with Hb <11 g/dl in females and <12 g/dl in males in the first post-transplant year in our population although 'severe' anaemia (defined as Hb <10 g/dl) was not so common (3.6% at 6 month and 5.2% at 1 year).
This high prevalence of anaemia in renal transplant recipients has been reported elsewhere. Yorgin et al. observed adult renal transplant recipients over a 5-year 2 test for nominal variable and binary logistic regression for numerical variables. Risk ratios for higher creatinine and lower pre-transplant Hb are odds ratio for each 1 mg/dl increase and 1 g/dl decrease, respectively. RR, risk ratio (relative risk); CI, confidence interval; Pre-Tx, pre-transplant; DGF, delayed graft function. Pre-Tx, pre-transplant.
Anaemia is common after kidney transplantation 2371 period and found 30% of the patients experienced anaemia (Ht<33%) during study period [6] . In the study by Lorenz et al., prevalence of anaemia (Hb<12 g/dl in females and <13 g/dl in males) was 39.7% [7] . Mix et al., observed a high prevalence of anaemia (Ht <36%) at 1 year (21%) and at 4 years (36%) and found that treatment of anaemia with iron or EPO was not common even among those with severe anaemia [8] . An even larger recent study from Europe confirmed this high prevalence of anaemia (38.6% during a 5-year post-transplant enrolment period).
Although it is difficult to compare each of these studies because of the different definitions of anaemia and timings of checking it, it is very important to note that all the studies including ours confirmed the high prevalence of mild anaemia after renal transplantation.
Reported causes of anaemia in transplant recipients are many; iron deficiency [7, 12, 13] , relative or absolute EPO deficiency or resistance primarily caused by impaired allograft function including acute rejection or delayed graft function [11, 14] , use of ACEI or ARB [15] and autoimmune disease such as SLE, malignancy or infection including CMV or parvovirus B19 [16] . Use of immunosuppressive drugs is also well documented to be associated with post-transplant anaemia (AZA [15] , MMF [17] , rapamycin and calcineurin inhibitors).
Among the possible risk factors listed above, we found that a higher creatinine value (defined as each 1 mg/dl increase in serum creatinine level), female gender and AA race were the only significant independent risk factors in our study.
It is very intriguing, and a unique finding to our knowledge, that AA race had a higher prevalence of anaemia, was an independent risk for anaemia at 6 months and a strong trend for anaemia at 1 year. Yorgin et al. [6] found that at 5 years post-transplant, AA race was associated with a statistically higher prevalence of anaemia but the number of patients were too small to lead to a meaningful conclusion. The purpose of this study was not to elucidate the mechanism of anaemia, and the reason AA race has a higher prevalence of anaemia remains to be elucidated. In general, AA race was reported to have anaemia more frequently than non-AA race. In a national survey in the US, 47% of AA compared with 42% of non-AA on haemodialysis had a haematocrit <33% [18] , although pre-transplant Hb level was similar between AA and non-AA in our patients. Besarab et al. reported that acute rejection completely abrogates the normal erythropoietic response until the rejection is successfully reversed and delayed graft function is associated with the delay in this response [11] . AAs are believed to be more immunogenic and to have a higher rate of acute rejection and delayed graft function [19] . In our population, however, neither the rate of acute rejection nor delayed graft function was significantly different between AA and non-AA. Although level of renal allograft function (serum creatinine level) was not different between AA and non-AA patients in our study, higher prevalence of subclinical early acute rejection and/or delayed graft function in AA might be responsible. Interestingly, Moore et al. showed a higher prevalence of iron deficiency in AA renal transplant recipients compared with non-AA counterparts [13] and iron deficiency is a major cause of anaemia in transplant recipients [6] . Unfortunately, we did not have the iron parameters in many of our patients to do any meaningful statistical calculation.
Similar to our observations, other studies [6, 7, 9] have shown that poor renal allograft function is an independent risk factor for anaemia. It is well described that production of EPO depends on allograft function [12] .
Also, more females than males had mild anaemia both at 6 months and 1 year even though we set a lower threshold for Hb level in females as a definition of anaemia. The findings are inconsistent in other studies. The large European study did not show any gender difference in prevalence of anaemia (defined as Hb 13 g/dl in males and 12 g/dl in females) [9] . Other studies showed higher prevalence of anaemia in males [6, 7] . The negative effect of female gender on Hb level has been reported in dialysis [18] and CKD patients [20] .
The European study showed use of ACEI, ARB or AZA, MMF was associated with higher prevalence of anaemia [9] . Our study did not find the association of use of ACEI or ARB with anaemia. Because most of our patients were treated either with AZA or MMF, use of those agents was not considered as independent or dependent risk factors for anaemia.
Iron profile was checked only in 36% of our anaemic transplant recipients. About half of these patients had an iron profile indicative of iron deficiency (ferritin <100 mg/dl or transferrin saturation <20%) and all except one had iron supplementation. EPO was given only in three out of seven severely anaemic (Hb <10 g/dl) patients. Suboptimal evaluation was seen in our population and has also been reported by Mix et al., who showed that among transplant recipients who had Ht <30%, only 36% had iron studies, with 46% being supplemented with iron and only 40% receiving EPO [8] . Vanrenterghem et al. showed only 17.8% of severely anaemic (Hb 11 g/dl in males and 10 g/dl in females) received EPO [9] . EPO levels tend to be low in anaemic renal transplant recipients irrespective of the allograft function [12, 14] and several studies have shown the acceptable efficacy of EPO treatment in post-transplant anaemia [11, 14] . So early investigation of anaemia and iron deficiency and its therapy with iron supplement or EPO should be considered in anaemic transplant recipients.
In conclusion, we found that anaemia is common during the first year after transplantation and investigation and treatment of anaemia is suboptimal. We think that the effectiveness of early recognition and treatment on the survival of these needs to be studied in prospective studies. In addition to renal allograft dysfunction and female gender, we found that AA race (is an independent risk factor for anaemia. Although the reason why AAs have higher rates of anaemia remains 2372 Y. Shibagaki and A. Shetty to be elucidated, this finding is intriguing and warrants further studies.
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